ABSTRACT: Using the assumption that adsorption as a function of time may be expressed by an exponential equation, viz. M = g + he t/ , it is possible to obtain the amount of water vapour adsorbed by a composite soil without waiting for equilibrium, which usually takes a long time. Given the experimental data for the amounts adsorbed versus time, one can determine g, h and , together with the amounts adsorbed at equilibrium by extrapolating the above equation to t . It is also possible to calculate the error trends in these parameters as a function of time by comparing the values at time t with those obtained for the longest experimental time. The error trends of the equation with time arise from the comparison of the experimental values with those predicted by the exponential equation. We have discovered that although different lengths of time are necessary for different pressures, generally a time between 1.5 and 2 is sufficient to obtain reliable results with errors less than 5%. We have also found that this equation describes the desorption process as well.
The process of vapour adsorption onto solids may be very slow, especially on microporous or mesoporous materials such as soils. This problem is particularly serious when the temperature and pressure are not high, e.g. room temperature and less than 1 atm pressure. This is because the pressure differences (driving force) are much smaller while the amounts adsorbed and the enthalpy of the process are about the same as those at higher temperatures. Sometimes it takes hours, sometimes days or even weeks, to reach equilibrium (Emmett et al. 1938; Jones and Wade 1968; Rhue et al. 1988; Gruszkiewicz and Rhue 2003) .
We obtained the data illustrated in Figure 1 linking the change in weight with time in an experiment involving the adsorption of water vapour on composite soil. The sudden jumps depicted in the figure correspond to pressure increase steps. Normally, we waited for 1-3 d in the hope of achieving equilibrium. However, as shown in Figure 1 , that stage was not actually attained. If it takes several days to measure a datum point, it can take several months to finish an isotherm. In addition, if the experiment is conducted under vacuum, a small leak can produce a large error when the experimental time is long. Hence the problem arises: can we obtain a reasonably accurate adsorption value without waiting to reach equilibrium? If we can, how long is the shortest possible time we should wait for equilibrium without losing too much accuracy, i.e. within 5% of the actual equilibrium value? In this paper, we develop a simple model to simulate water adsorption onto composite soil and compare the results with experimental data. With an accurate model, it should be possible to obtain the equilibrium adsorption value simply by extrapolating the time to infinity.
From Figure 1 , it will be noted that when the pressure increased (after a sudden jump in weight corresponding to the sudden jump in pressure), the weight increased less and less as time passed. Hence, it would seem reasonable to assume that the relationship between the amount adsorbed and time at constant pressure can be expressed by some kind of exponential equation, and that the equilibrium time relates closely to the time constant. On the basis of such an assumption, the following equation should describe the weight changes at constant pressure:
in which g, h and are parameters determined experimentally and M is the weight increase caused by adsorption at constant pressure. We have found that this equation is well able to describe adsorption. Our method uses an adsorption datum obtained at a different time to fit the equation and to discover how that differs from the value obtained at the longest time. The change in these parameters with equilibrium time at different pressures plotted against time allows the determination of the time when the parameter values are sufficiently close to the final ones.
We have two issues of greatest concern. The first is g, the mass adsorbed when time, t, approaches infinity; the second is the standard error of the equation that illustrates how well the equation describes the experimental data. We need to know how long to wait to obtain an estimate of g to within 5% of the actual value. Figure 2 contains some typical plots that display the changing trends of the parameters and the error of the equation with time, as well as adsorption values when time approaches to infinity. Using the same equation, we have simulated desorption from near the saturation pressure of water to a base vacuum pressure of ~10 3 psi. The corresponding plots are depicted in Figure 3 . It is obvious that the equation devised can describe desorption as well as adsorption. From the data listed in Table 1 , it is obvious that the time constant also increased as the pressure increased. This indicates that the higher the pressure, the longer the time required for equilibrium. Figure 4 illustrates this trend. However, it may not be necessary to wait this long to come to within 5% error. The data in Table 1 indicate that no regular relationship existed between the pressure and this time. Hence, in order to assure a small error, it would seem that a waiting time of at least 1.5 is necessary.
CONCLUSIONS
Generally, the time constant, , increases with increasing pressure. In other words, the higher the pressure, the longer the equilibrium time necessary. Sometimes it may be possible to obtain a satisfactory estimate for g for times t , but sometimes it may be necessary to wait for a time as long as 1.75 for a good estimate. Thus, in an experiment, we should wait between 1.5 and 2 to obtain a more reliable result, especially at low pressure. A pre-experiment is useful to find the time constant, . Usually, more detailed tests do not require times longer than 1.5 to obtain reliable results with errors < 5% of the real mass change.
From the data listed in Table 1 , it will be seen that the water vapour adsorption at step 11 was 100 mg more than that observed from steps 1-10. The differences between these two processes are:
